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errors which are discussed.
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I. INiRODUCTION

- SECEDE II was one c* a series of high-altitude barium release

. ¢ programs sponsored by the Defense Advanced Research Projects Agency
| (DARPA) with participation by the Defense Nuclear Agency (DNA) and

: the Atomic Energy Commission (AEC). During SECEDE II six barium re-

lease rockets were flown from Eglin Air Force Base, Florida, The

releases took place between 16 January and 2 February 1971.

|
{ The experimental program for SECEDE II included an RF transmission
i experiment in which a rocket-borne, multifrequency beacon transmitted
radio- signals to a ground-based receiving station. Appropriate multi-
3 plication and mixing of the received signals produced dispersive phase
which provides information regarding ionization along the propagation
paths. During SECEDE II four widely separated ground stations were
employed, and the beacon rocket was flown on a trajectory which would

pass behind the barium ion cloud as observed from at least one of the
rcceiving stations.

The beacon rockets were programmed to fly behind the barium: ion

] cloud for approximately one minute while the rocket was near apogee.
Received signals from the beacon rocket were processed for dispersive
phase for the entire duration of the rocket flights, yielding large

* amounts of data for the ambient ionosphere while the rocket was not

i behind the ion cloud. Although no particular requirement was made for
ambient ionospheric data from the transmission experiment, this sit-
uation did present an unusual opportunity to derive electron density
profiles from -dispersive phase data gathered over four widely separated
propagation paths simultaneously. The opportunity is also- presented,
for the first time with the transmission experiment, to test the effects
on the derivation of densities of some of the simplifying assumptions
that are made in the process of those derivations. In particular, the
assumption of horizontal stratification of the ionosphere is severely
tested by the geometry of the experiment - receiving stations far re-
moved from the rocket launch area and signal propagation -over widely
separated paths. The assumption that the ionosphere is unchanging
with time is tested, to a lesser degree, since most of the rockets are
fired during the sunset transitional period; however, the time differ-
ential between rocket ascent and rocket descent is short in duration -
only 4-6 minutes.

Altogether nine beacon rockets were launched -during the SECEDE II

. test program. Dispersive phase data from three of the flights were

J not adequate for reduction to electron density profiles because of
either rocket failure, rocket tumble, or inadequate signal-to-noise
ratio. For each of the six remaining flights, we -used all of the
available dispersive phase data that was unperturbed by signal trans-
‘mission through the ion clouds to produce electron density profiles.
Eight separate profiles were derived for most of the rocket flights,
consisting of -one profile from data collected during rocket ascent and

i one profile from data collected during rocket descent for each of the

X
1
3

four receiving sites.
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Rocket ascent and rocket descent profiles are presented for -each
* receiving site for each rocket flight from which a comparison may be
{ made between rocket ascent and rocket descent profiles. A composite
: profile made up from all of the individual profiles for each beacon
rocket flight is also shown. The composite profile allows a compari-
son of the individual profiles derived from data collected over the

] ! widely separated propagation ray paths.

T

II. THE RF TRANSMISSION EQUIPMENT

N\ o
s et o

A. Background

For many years the Ballistic Research Laboratories (BRL) have been
engaged in instrumenting sounding rockets with payloads consisting of
multifrequency propagation beacons for the purpose of measuring the
3 electron density and related parameters of the ionosphere. Initially
- a two-frequency propagation beacon using a technique similar to that ]
devised by Seddon,! but with much different frequencies, was employed. f
During ensuing years continual modifications of the experiment were
made to improve its reliability er] to increase its versatility.
Generally, the modifications consisted of improved beacon circuit design,
an increase in- the number of beacon frequencies, improved antenna design,
and improved ground receiving station signal processing equipment.

el

g : Prominent among the projects in which BRL participated with the
e * multifrequency propagation experiment are:

‘ e the Strongarm series of sounding rocket firings to altitudes
of 1500 km at Wallops Island, Virginia, in 1959 and 1960:

* the FISH BOWL series of high-altitude nuclear weapons‘fests
. in 1962;

. .
e e Ry
e NIt

G PR

* an Air Force Cambridge Research Laboratories (AFCRL) chemical
release experiment in- 1967; ; }

* the SECEDE III project involving the release of barium:plasma
in Alaska in 1969; and i

S e e g e it e e e et e

. TI—
S, it it S PNl N i,

1J. C. Seddon, "Propagation Measurements in the Ionosphere with the Aid
of Rockets,’" J. Geophys. Res., Vol. 58, Sep- 53, pp 323-335.
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®* a PCA event at Fort Churchill, Canada, in 1964.

Additionally, several test flights were conducted during periods of system
modification. Evaluation of the system and results of participation in
various projects are well documented in References 2-12.

28 T. Marks et al., "Summary Report on Strongarm Rocket Measurements of

Electron Density to an Altitude of 1500 Kilometers,' BRL Report 1187
(AD 404189), January 1963.

3W. W. Berning, "Operation DOMINIC, FISH BOWL SERIES, Project Officer's
Report 2018, Project 6.3, 'D-Region Physical Chemistry,!" Defense Nuclear
Agency, Washington, DC, November 1964 -(SECRET-RD).

4W. A. Dean and H. T. Lootens, '"Ionosphere Measurements with a Four-
Frequency Phase-Coherent Beacon," BRL Report 1396 (AD 835034), March 1968.

5w A. Dean and H. T. Lootens, "Certific~tion Flight of MIGHTY SKY Project
603-C Rocket Payload," BRL Report 141§ \AD 843101), October 1968.

6H. T. Lootens, "Rocket Measurements of Electron Density, Electron Tem-

perature and Earth's Magnetic Field above Fort Churchill," BRL Report
1415, August 1968. (AD #676109)

7R. E. Prenatt, W. A. Dean, and -W. W. Berning, "Electron Content of Barium

Plasmas in: the High Atmosphere," BRL Report 1459 (AD 700960), December
1969.

8W.VA. Dean, "Auroral Zone Electron Density Profiles - Project SECEDE III
Rockets,!" ‘BRL Memorandum: Report 2078 (AD 878631), November 1970.

gR. E. Prenatt and: G. A. Bowers, '"The RF Trangmissioanxperiment in
SECEDE II and a Model for the Electron Concentration in the Ion Cloud
from High Altitude Barium Release PLUM," BRL Report 1645, May 1973.

(AD- #91%669L)

W. A. Dean: and I. L. Chidsey, Jr., "Final Report on :BRL Participation in
Operation ‘PCA 69," BRL Report 1669, September 1973. (AD #914672L)

: llw.:A. Dean, "Electron Density Profiles for the 1969 PCA Event," paper
published in the Proceedings of COSPAR Symposium on Solar Particle Event

of November 1969, AFCRL Report 72-0474, Special Report 144, 11 August 1972,

12I ‘L. Chidsey, Jr., "Multifrequency Polar Cap--Absorption Measurements,"

paper published in the Proceedings of COSPAR Symposium on Solar Particle
Event of November 1969, -AFCRL Report 72-0474, Special Report 144,
11 August 1972.
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3 .
: i For SECEDE II BRL was given the responsibility for design and
construction of the primary rocket payload instrumentation for the

. beacon rockets, The instrumentation consisted of the multifrequency

] propagation beacon and its associated rocket antenna system. Further

; responsibility assigned to BRL was the implementation and operation
of one of the four ground receiving stations. As a spin-off of its

i participation in the SECEDE II program, BRL acquired copies of the

i RF transmission data from all four receiver sites. These data were

{ used as a basis for this report.

5N
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B. Geometry for SECEDE II

The geometry for SECEDE II as it pertains to the RF transmission
experiment is depicted in Figure 1, There were ten separate rocket
: launch pads used during the program, all located in close proximity
; to one another at Site A-15A at Eglin Air Force Base, Florida. All of
' the beacon rockets were fired in a general southerly direction as
shown.. The ground receiving stations were located generally east of
Panama City, Florida, some 160 km from the launch facilities.
Coordinates--of the pertinent site locations -are shown in Table 1.

B 4

: | Table 1
]
!

Site Locations for RF Transmission Experiment

Elevation
Site Coordinates Ft. MSL
3 Launch- Area® N 30° 23' 14" 10
1 ! W 86° 48' 13"
l
; Receiver Site 1 N 30° 26' 13" 135
i W 85° 13t 31¢
|
Receiver Site 2 N 30° 14' 04" 65
W 85° 12' 15" s
Receiver Site 3 N 30° 05' 56" 35 ‘
W 85° 14' 07" Cd ?
) ]
, Receiver Site 4 N 29° 53! 21" 10 ;
! W 84° 58! 42¢

_.
N
™~

*The launch--area coordinates lisged'rg£1e§t the average position ” i
of several launch pads used during the -program. ’

Re—

12

TEOT et e

AP L S S <> PSRy S Lol SE



*

The next two illustrations depict some of the parameters for a
typical beacon rocket trajectory for the SECEDE II program. In Figure
2 the rocket altitude above sea level and the horizontal range from the
Site 2 ground receiver are shown. Elevation, azimuth and look angles, :
as a function of time, relative to the Site 2 receiver are shown in o
Figure 3. The e.~vation and azimuth angles refer to the direction of
the line of sight to the beacon rocket as viewed from the receivcr
station. The look angle is that angle between the longitudinal axis
of the beacon rocket and the line of sight to the ground receiving
station. The only particular importance attached to the look angle is
that for adequate signal reception the angle should not be less than
about 15 degrees because the bracon rocket transmitting antennas have
a deep null directly off the tail of the rocket.

C. Equipment for SECEDE II

The rocket-borne beacons operated in a CW mode and transmitted five
harmonically related phase-coherent signals. The rocket antennas, a
new BRL design, were longitudinal slot antennas such that the rocket

spin frequency did not appear in signals received at the ground- stations, :

as had been the case for previous designs. f :
- %

At -each of the four receiving sites, new receiving and data i d
generating equipment, designed and produced by Electrac, Inc.;13 was
used. Only four of the transmitted frequencies could be received at
three of the receiving sites, while all five frequencies -could be
received at Site 3, the BRL site. Also at Site 3 a modified version :
of the standard BRL recsiving system was co-located: with -the Electrac
receiving system. (The standard BRL receiving systems incorporated ;
three frequencies of 36.44, 145.76, and 583.04 MHz. For SECEDE (I the ;
583.04~-MHz frequency receiver was replaced by an 874,59-MHz receiver ,
for compatibility with the transmitted signals.) ‘

~ The 36.44-MHz frequency was included primarily for the use-of
BRL, which had responsibility for furnishing :background ambient
electron densities for SECEDE II. Although the 36.44-MHz frequency !
was considered useless for transmitting through the ion clouds because
of probahle signal blackout and other phase perturbations of a serious
nature, its increased sensitivity for determining ambient densities .
warranted its .use. i

§ .
st oo ad EPR S et 2T

Some characteristics of the RF transmission experiment equipment
are listed in Table 2.

For the work reported here only dispersive phase data extracted
from the 145.76-MHz and 874.59-MHz signals from the Electrac system
were used.

13R.W. lloney, "RF Beacon Ground Stations Dispersive-Phase/Differential !
Doppler Measurement System," RADC TR-72-151, Final Technical Report, ;

‘Electrac, Inc., Anaheim, CA, March 1972, i
13

- T S NPT VS . b L Y I it s = e e AL x =1
ioriviacl et T sl ek i itk Sk it i e A




st I Rt ¥ Cand S

_
14

B Pl me‘ . Wil "
e, ettt

'
ool it

-
Ghonsliiinad ot

B -

L P T

e e,

)
e

Table 2
? Characteristics of the Transmission Experiment Equipment
E | < Transmitter
ﬁ ' Frequencies: 36.44 MHz, 145.76 MHz, 291.53 MHz, 437.29 MHz,
2 874.59 MHz
F Operating Mode: CW
| Power OQutputs: 1 watt at 36.44 and 145,76 MHz
2 watts at 291.53, 437.29, and 874,59 MHz
7 Rocket-borne Antennas
3 Type: 36.44 MHz - Body-fed dipole using entire rocket
f structure, 145.76 MHz and higher. Cross connected,
3 dual cylindrical slots. fed in phase. Slots
A parallel to- longitudinal axis of rocket.
i ' Beamwidth: 36.44 MHz - Main lobe centered 50° from aft end
‘ of longitudinal axis of rocket. Six db half-
: beamwidth is 25°. Deep null off tail of rocket.
; 145.76 MHz and higher = Main lobe perpendicular
] ’ to longitudinal axis of rocket. Six db half-
1 ‘beamwidth is 60°. Deép null off tail of rocket.
I Gain (Main lobe): 36.44 MHz - +3 db
3 145.76 MHz and higher - 0 db
?u
1 Ground Antennas”
3 Type: (Electrac) Crossed dipoles for 36.44 MHz
3 ! ‘One crossed log periodic at the remaining
] ; frequencies-
: | (BRL) Crossed yagis for 36.44 MHz
| Crossed yagis at 145.76 MHz
i ‘Helix at 874.59 MHz
§ Polarization:
é (Electrac) Right circular per IEEE standards
] | (BRL) Left and right circular at 36.44 -and 145.76 MHz
: ; Right circular at 874,59 MHz
: ; Receiver and Data Circuits”
) 1 = -
: 1 Electrac: System designed and constructed by Electrac for
1 i SECEDE II.
5. - 1 BRL: System designed and constructed by BRL.
1 i
- *
% ; *The BRL system and the 36.44 MHz channel of the Electrac system were
1 ‘ present at Site 3 only, )
14
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ITI. METHOD OF ANALYSIS

The method of producing electron concentration profiles from
dispersive phase data has been described in detail in earlier reports
and will be reviewed only briefly here.

A rocket carries a radio beacon which transmits two or more
harmonically related, phase-coherent signals to a ground-based receiv-
ing station. Appropriate multiplication and mixing of the received
signals produce a beat frequency called dispersive Doppler. Integration
of the dispersive Doppler (i.e., counting the cycles) produces disper-
sive phase. In cases where the geomagnetic field and electron collisions
can be ignored, and where the signals can be assumed to follow identical
ray paths between the rocket and the ground, the dispersive phase is
proportional to the electron content in a column of unit cross section
along the ray path, so that

where Ne is the electron concentration, dr is an element of ray path
length, ¢dd is the dispersive phase, and K is a constant for given

frequency pairs. The value-of K depends on the frequencies used and
on the manner in which the signals are -multiplied and mixed. The
various values of K for the SECEDE II systems are listed in Table 3.

Table 3-

Electron Content/Dispersive Phase Relationship

Dispersive Phase Dispersive Phase** e
Channel Is Produced :From LS

36,145 (BRL)* 2,0 - 8bsg 361 x 1014
145,874 (BRL)* 1/36g74 - 26145 5.58 x 104
36,145 (ELECTRAC)™ /44y 4c - b 2.89 x 1014
145,874 (ELECTRAC) 1/66g74 = b145 111 x 1014
291,874 (ELECTRAC) /36g74 = 591 24.4 x 1014
437,874 (ELECTRAC). Y/20g7, = 437 43.4 x 1014

*Site 3 -only.
**¢f = phase path at frequency f.

***Assuming propagaticn path is the same at both frequencies.
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For this particular study we decided to use the most sensitive
dispersive phase channel which was available at all receiving sites to
avoid giving any one site an advantage or disadvau.age, as the case may
be. We, therefore, selected the 145,874 (ELECTRAC) channel.

If the ionoshpere is assumed to be horizontally stratified, the
electron content in a vertical column can be computed from

fNedh - coseﬁedr,

where 6 is the angle between the vertical and the propagation ray path,
Since the angle 06, and therefore cos 6, varies along the ray path, an
average value of cos ® is normally used. The point along the ray path
at which the value of cos 6 is computed is such that about half of the
measured electron content is between the point and the rocket and half
is between the point and the ground receiver.

I1f the ionosphere can be assumed to be unchanging with time,
then the average electron concentration, in successive altitude intervals
throughout the rocket flight, may be computed from

o frgn
e ~ b&h

where ﬁ; is the average electron concentration and Ah is the altitude

interval.

IV. DISCUSSION OF ERRORS

It may be worthwhile, before presenting -the results of the present
work, to discuss some sources of error and to make some -estimate of the
accuracy with which electron densities can be determined using the RF
propagation system.

As has been noted earlier, average electron densities in a given
altitude increment are determined by -differencing of the vertical
electron content and averaging over the desired altitude interval.
0f course, the vertical electron contents are -derived from dispersive
phase data that are collected along -a propagation path which deviates
significantly from the vertical, especially for the SECEDE II program, -
Some error in-the vertical electron: contents, ‘hence in the derived
electron densities, could result during the transformation from ray
path electron content to vertical electron content. The magnitude of
any such errors would depend largely on instabilities or lack of
homogeneity in the ionosphere at the time of ‘the measurements. An.
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additional receiving site near the beacon rocket launcher would have
been useful in assessing the effect of this possible error source;
however, evaluating such errors was beyond the scope of the SECEDE II
program. During the BARBIZON!Y program in the Hawaiian Islands,
similar propagation- experiment geometry was employzd but a receiving
station at the launcher complex was also used. On the basis of that
one experiment, which consisted- of two beacon rocket flights, any
errors due to significantly non-vertical propagation paths were found
to be minimal for the condition of the ionosphere at the time of that
experiment.

Another characteristic of the RF transmission experiment which
causes some concern, especially when the system is used to measure
ionospheric parameters under naturally or artificially disturbed
conditions, is that the basic measurement of dispersive phase yields
a measure of electron content over the total length of the propagation
path. [A polar cap absorption event (PCA) serves as an example of a
naturally disturbed ionosphere, while nuclear detonations and :barium
releases are examples of artificial disturbances.] Therefore a change
in electron density anywhere along the propagation path, no matter how
far removed from the ‘beacon rocket, is reflected in the measured data
as a change in total ray path electron content at the rocket altitude.
These circumstances -may introduce serious errors in -any derived

-electron densities during highly disturbed conditions in the ionosphere.

Of course, this is the reason why no attempt has been made to define
ambient ionospheric conditions during times the beacon was propagating
through the barium ion clouds for SECEDE II. During the entire SECEDE
LI program, however, significant Sporadic-E activity was in evidence.
An analysis of that situation indicates that the total electron content
from the lower edge of the ionosphere up through the E-region auounts
only to about 2.5 percent of the total ray path content when the rocket
is near peak altitude. Additionally, the total electron content
through the E-region is equivalent, on the average, :to about 40 percent
of the change in electron content between- the 1-km altitude layers
above the E-region used for the present derivation of densities. A

complete depletion of electrons below the top of the E-region during

a time the beacon rocket was traversing 1 km at higher altitudes
could, conceivably, introduce an error of up to 40 percent in the
derived density. Being more realistic, though, a 10 percent change
in content through the E-region would result in errors of only up to
4 percent in the derived densities at higher altitudes. An error of
that magnitude is considered to be quite acceptable:

14

W. A. Dean, R. E. Prenatt, and G. A. Bowers, "The RF Transmission
Experiment For Operation BARBIZON,'" BRL Report in- publication.
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A third possible source of error is a function of the precision
with which the basic data is measured and a function of the lower of
the two frequencies employed in the production of dispersive phase.
The dispersive phase measurements were made with a precision of -about
0.005 cycles or about 2 degrees of phase. Design requirements of the
dispersive phase system imposed an error in recovered phase shift to
be less than about 3% degrees due to noise and receiver and recorder
instabilities. No attempt has been made to -evaluate the actual fidelity
of the system, although there is every reason to believe that its per-
formance clearly met the design requirements. [An analysis was
performed using the basic measurement precision of +2° with typical
dispersive phase data and a typical beacon rocket trajectory to deter-
mine how jitter in measurement of the 145/874 MHz dispersive phase
propagates through the system of equations for deriving electron
densities.]. The results of the error propagation analysis are shown
in Table 4 for selected altitudes.

Table 4
Results of Error Propagation Analysis

Electron Error in Electron Percentage
Altitude -Concentration Concentration for % 2° Error
100 1.363 x 1019 t 6.474 x 109 47.5
150 1.579 x 1010 t 5,444 x 10° 34.5
200 1.197 x 10t! + 4,726 x 109 3.9
250 4.099 x 1011 t 3,870 x 10° 0.9

We emphasize that -the errors listed here are the maximum statis-
tical errors which would be encountered for a 2-degree error in one
direction at -one end of the measurement interval and a 2-degree error
in the opposite direction at the -other end of the measurement interval.
We suggest that such a situation rarely exists in practice, and later
results reported here tend to confirm that conclusion. In any event,
one might logically argue against reporting -electron densities derived
for altitudes below about 160 km. We do report those densities,
however, because we feel that a good qualitative description of
abnormalities and layering in the E-region is exhibited and that the
accuracy of the densities reported for the lower altitudes is better
than indicated in Table 4.
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V. -DISCUSSION OF RESULTS i

The results presented here for each of the six beacon rocket 5
flights analyzed will include dispersive phase and dispersive phase
rate data collected at each of the receiving sites, electron-density
profiles derived from each set of dispersive phase data from both
beacon rocket ascent and beacon rocket descent where data were avail-
able, and a composite electron density profile encompassing all of

- the individual profiles from each rocket flight. There is no intent
here to present the best possible profile for the time of each beacon
rocket flight. The intent ‘has been to exhibit the difference, or

. . lack of significant differences, arong profiles derived from disper-

sive phase data collected over significantly different propagation
paths. Selecting the best possible profile for each rocket flight
might have involved a computation of the mean electron density at

] each altitude along with some statistically determined deviation from

s the mean. Instead, we have compared all of the available profiles

. for each rocket flight and, at each altitude, selected the largest

and smallest electron density and plotted these as a function of :
altitude to show the total spread for all of the profiles. {

e e e g o e =~

For nearly all of the profiles presented, considerable -differences

- will be noted among the various profiles for each beacon rocket flight

! for altitudes below about 160-180 km. Some -evidence of layers of

- ionization is also :present. Such layering is undoubtedly the result
of significant Sporadic-E activity that was in evidence in ionsonde
data throughout the period of the tests. Some of the variations in
density, for densities below 1010 electrons pper cubic meter, may
result from lack of sensitivity in the measurement sSystem using 145 MHz

A as the lower frequency for the dispersive phase system.

v‘,;:},\ T

ity

It will be noted during the discussion -of results from the 2 i
individual rocket flights that some events are designated as ''late"
and some as "early". These designations have no particular significance
in the present report but merely indicate that the beacon rockets were
deployed to pass behind the ion cloud within- two to-three minutes of
formation of the cloud in the case of the "early" designation. If the
designation is 'late," the beacon ~ocket was launched to pass behind
the ion cloud after the formatior 5f striations within the cloud.

s A s e,

A. Event PLUM, Early RF Beacon

The beacon for this event was launched at 23:45:31 UT (17:45:531
- CST). on 20 January 1971. All four receiving stations had continuous i
signal from about 4 seconds after rocket lift until a few seconds 4
before rocket impact, and dispersive phase data of excellent quality
were recovered at all four sites, The dispersive phase and dispersive
phase rate data for receiving sites 1, 2, 3, and 4 are shown in
Figures 4, 6, 8, and 10, respectively. As indicated; continuous
dispersive data were processed at each of the four receiving sites,

it s st
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but the beacon rocket did pass behind the barium ion cloud relative to
each of the sites. The discontinuities in the various curves reflect
the period of time when the received signals were perturbed as a
result of being transmitted through some portion of the ion cloud.
Because of the difference in aspect, the time of occurrence and the
duration of the discontinuities differ from receiving site to receiv-
ing site. All of the discontinuities, however, occur near the time of
beacon rocket apogee, leaving dispersive data unaffected by transmission
through the ion cloud for a large percentage of the beacon rocket
flight. Each set of dispersive phase rate data shows similar varia-
tions before 100 seconds and after 400 seconds. As will be seen,
these variations are reflected as variations in electron density in
the E-region.

Figures 5, 7, 9, and 11 show the electron concentration profiles
derived from the dispersive phase data gathered at receiving sites
1, 2, 3, and 4, respectively. Each illustration shows two profiles,
one derived from dispersive phase data collected during beacon rocket
-ascent and one derived from dispersive phase data collected during
rocket descent. The beacon rocket attained a peak altitude of about
270 km, but because of barium cloud effects the profiles have -been
terminated at about 240 km or below. In general, the agreement between
rocket ascent profiles and rocket descent profiles is excellent, even
below 160 km where the difference between the two profiles is- consider-
ably less than the possible errors noted in the previous section.
Layering is very evident at the lower altitudes and is typical of
derived densities in the presence of Sporadic-E activity. We emphasize
that the actual altitude of the layers is open to question, since the
derived densities reflect changes in density anywhere along the prop-
agation ray path -below the rocket altitude. However, good consistency
among the profiles derived from each of the four individual receiving
sites lends considerable credence to the reported densities.

The next illustration, Figure 12, is a composite of the preceding
eight profiles. You will recall that this composite is made up of,
as the upper limit, the maximum electron density found in any of the
individual profiles for each altitude and, as the lower limit, the

‘minimum -electron density at each altitude from each of the individual

profiles. A useful bit of information that was not programmed in our
computer computation of densities wculd be the average density from
all available profiles for each beacon rocket flight. However, such
an average would ‘have shown definitive density layers at about 96 km
and again at about 120 km-and a relatjvely smooth profile above 120 km.
The narrowing of the separation between upper and lower limits .around
140 km is simply a result of the fact that fewer profiles went into
making up the composite because of differences in the time of ion
cloud interference relative to the various receiving sites.
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B. -Event REDWOOD, Early RF Beacon

The beacon rocket associated with the NEDWOOD event was launched
as an early time rocket at 23:49:51 UT (17:49:51 CST) on 26 January 1971.
Continuous, excellent quality, dispersive phase data were recovered at
all four receiving sites. The beacon rocket did pass behind scme
portion of the barium ion cloud relative to all four receiving sites at
-a time just shortly before the rocket attained peak altitude. The
beacon rocket remained behind the ion cloud for approximately 100
seconds relative to receiver Site 1 and gradually lesser amounts of
time for the more southerly receiver si:es,

All of the dispersive phase data,.even for times when transmission
was through the ion cloud, are presented for Sites 1-4 in Figures 13,
15, 17, and 19, respectively. The dispersive phase rate data exhibits
deviations in slope from what would be anticipated in an undisturbed
ionosphere beginning shortly after 280 seconds and ending at about
380 seconds. Similar deviations may be noted for the other receiver
sites with the disturbance starting later in time and being shorter
in duration.

These slight deviations in dispersive phase rate have a marked
effect on derived electron densities to such an extent as to make the
derived densities totally unreliable. As a result, no densities are
shown for the rocket descent part of the flight during which the
‘beacon was transmitting through t. : barium ion:-cloud.

The electron density profiles for each of ‘the four receiver sites
are shown in Figures 14, 16, 18, and 20. Below -about 140 km the
‘behavior of the ionosphere was sc erratic as to -cause actual decreases
in the measured ray path-electron content which, in turn, caused un-
realistic negative values of electron density. -Consequently, no
-densities are reported below 140 km.

With the exception of the Site 2 profiles there is, again, excellent
agreement among the rocket ascent and rocket descent profiles. There
is a possible explanation for the disagreement &videnced in the Site 2
profiles. All of the dispersive phase data for the present work were
taken from strip chart recerders. The strip chart for the Site 2 record
‘had no beacon rocket flight timing marks. The rocket lift time could
-easily be identified from the nature of the signal, and thereafter
-constant chart speed was assumed. If the assumed chart speed were
slightly in error or if the chart speed were not precisely constant, a
growing error in time might accrue. Such an error in time could
introduce a divergence in profiles similar to that noted in the profiles
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o A composite of the eight individual profiles is shown in Figure 21.
Only rocket ascent data make up the composite above 250-260 km because
of the aforementioned transmission through the barium ion cloud. At
the lower altitudes the spread between maximum and minimum densities ;-

- at each altitude reflects, to a large extent, the divergence between T

the ascent and descent profiles from the Site 2 receiver station. ) ;

T

] ; C. Event OLTVE, Carly RF Beacon

r
i

The beacon rocket associated with the OLIVE event was launched ’
as an early-time (before striations) rocket at 23:52:17 UT (17:52:17
CST) on 29 January 1971, Continuous dispersive phase data of excellent -
quality were recovered at all four RF receiving stations; however, no
: strip chart record was available for the 3ite 4 receiver. The beacon
3 rocket attained a peak altitude of about 263 km. The rocket disappeared
behind the barium ion cloud relative to the Site 1 receiver at
approximately 262 km on the rocket upleg and emerged from-behind -the
cloud at an altitude of about 245 km on the rocket downleg. The
! rocket disappeared behind the barium cloud at earlier times and
3 emerged at later times relative to the more southerly stations. All ]
of the dispersive phase data available for times when the transmission !
: path was free of the barium ion cloud are shown in Figures 22, 24, and L
26 for receiver Sites 1, 2, and 3, respectively.

{ The electron density profiles for the three receiver sites are
i shown in Figures 23, 25, and 27, Again there was no timing on the
! strip chart recorder from the Sit: 2 receiver. The divergence be-
! tween the ascent and descent profile indicates the probability of
| significant and progressive error in the assumed timing associated
‘ with the data from that receiver, -Although the ascent profile for
; the Site 2 receiver is in good agreement with the profiles from the ¥
other receiver sites, the descent profile is in such poor agreement B
that it should be considered unreliable. As with most of the other :
profiles presented here, the ever-present effects of Sporadic-F AN =
activity are reflected in the electron densities below 160-170 km. 'F

, A composite of the profiles from the three receiver sites is
, shown in Figure 28. The descent profile from the Site 2 receiver was
5 not used in ‘the makeup of the composite because of its unreliability.
?’ With that exclusion, the composite profile indicates excellent agree-
. o ment among the other individual profiles. -

D. Event OLIVE, Late RF Beacon 4

A second beacon rocket associated with- the OLIVE event was
launched as a late-time rocket at 00:24:00 UT on 30 January 1971 S
: (18:24:00 CST, 29 January 1971), nearly 32 minutes after the early- .
. time rocket for the same event. Again, cont.nuous dispersive phase ) i
' data of excellent quality were recovered at all four RF receiving
stations. There was a secondary barium plasma release during the
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OLIVE event. This late-time beacon rocket passed behind the secondary i
ion cloud as well as behind the primary ion cloud. As a result, the |
{ transmitted signals were perturbed by transmission through one or the
: other of the ion clouds for a sufficient amount of time during beacon
j rocket descent to preclude the determination of meaningful electron ;

densities. Therefore, data for rocket ascent only are presented here. g

The dispersive phase data for Sites 1, 2, 3, and 4 are shown in

t

| : and 35, et as
i derived from those dispersive phase data are found in Figures 30, 32,
|

- Figures 29, 31, 33, and 35, respectively. The rocket ascent profiles
34, and 36.

A composite of the four individual profiles is shown in Figure 37.
Although not clearly evident in the data presented here, there is
excellent agreement among the profiles derived from the dispersive
phase data for Sites 1, 2, and 3. The Site 4 electron densities are
generally higher at all altitudes. There is no apparent abnormality
which- would account for the higher densities derived from the Site 4
data except to conclude that the densities, as presented, do repre-
sent the condition of the ionosphere along that particular propagation
ray path. In any event the spread between the various profiles is
n~t alarming. As with the other events, Sporadic-E activity is clearly
evident at altitudes below 150 km.

E. Event SPRUCE, Late ‘RF Beacon

The beacon rocket associated with event SPRUCE was launched as a
late-time rocket at 00:01:24 UT on 2 February 1971 (18:01:24 CST,
1 February 1971). Continuous dispersive phase data of excellent
quality were recovered at all four receiver sites. The beacon rocket
did fly behind the barium ion cloud relative to all four receiver
sites for periods ranging from 20 to 30- seconds shortly after beacon
rocket apogee. Since the beacon rocket is changing altitude very
slowly near apogee, ambient data were lnst for only about 5-6 km-of
the rocket downleg portion of the trajectory.

The dispersive phase data from receiver Sites 1, 2, 3, and 4 are {
shown- in Figures 38, 40, 42, and 44, respectively. The gaps in the §
data starting near, or shortly after, 280 seconds reflect the times :
when propagation was through the ion cloud relative to the various
receiving sites.

LRI VNPT WP WA SECT ISR+ Ty

Figures 39, 41, 43, and 45 represent the electron densities
- derived from the dispersive phase data acquired at the respective '
receiver sites. There is a similar separation between ascent and 4
descent profiles for Sites 1, 2, and 3 in the altitude range from | .
140 km to 170 km, with: a lesser separation for a smaller altitude 3
interval for Site 4. However, there is excellent agreement among all
four ascent profiles and among all four -descent profiles throughout
the entire rocket flight. It is worthy of re-emphasis, at this point
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that, because of the rocket trrjectory and the geometry involved, the *
propagation ray paths are traversing a portion of the lower ionosphere,

during rocket descent, which is far removed from that portion of the

ionosphere traversed during rocket ascent. And, because of the internal

consistency among the four profiles, we conclude that the actual condi-

tion of the ionosphere along the propagation paths is reliably repre-

sented by the profiles reported here.

Figure 46 is a composite of the four ascent profiles and the four
descent profiles from the beacon rocket flight for event SPRUCE. As ~
with all the composite profiles, the maximum density at each altitude
from among the eight individual profiles was used to produce the
upper limit profile, and the minimum density at each altitude from -
among the eight profiles was used to prnduce the lower limit profile.
The spread between lower limit and upper limit in the 140-170 km
altitude range is, then, a reflection of the difference between ascent
and descent profiles from the individual receiver sites, with the
descent profiles contributing heavily to the lower limit and the
ascent profiles forming the upper limit. As with the previous -events,
Sporadic-E activity is clearly evident below 140 km.

F. Event QUINCE, Early Beacon

The beacon rocket associated -with the QUINCE event was launched
as an. early-time rocket at 16:32:31 UT -(10:32:31 -CST) on 2 February
1971. This rocket was the -only daytime beacon rocket launched during
the SECEDE IT program. The rocket attained a peak altitude of 259 km
and flew behind the barium cloud relative to receiver Site 3 and
receiver Site 4 only. Continuous dispersive phase data of good
quality were recovered at all four receiver sites.

The dispersive phase data from Sites 1, 2, 3, and 4 are shown
in Figures 47, 49, 51, and: 53, respectively. The gaps in the data for
Site 3 and Site 4 reflect the time the beacon rocket was behind: the
barium cloud- relative to those receiver sites. A high-density E-layer
ledge is evident in all of the dispersive phase rate charts centered
around- 72 seconds and 431 seconds. The beacon rocket was at an
altitude of 113 km during rocket ascent at 72 seconds and at an altitude
of 114 km during rocket descent at 431 km,

The electron density profiles derived from the dispersive -phase
data for the four receiver sites are shown in Figures 48, 50, 52,
and 54. Remarkable agreement exists between the rocket ascent profile
and rocket descent profile from each of the individual receiver sites.
Furthermore, Figure 55, which shows the composite profile, exhibits -
remarkably good agreement among all eight of the individual profiles.

24

[

[P e




N - .
Ty e T

One significant difference between these profiles and all the
preceding ones is the considerably higher electron densities =at all
altitudes, As noted earlier, this beacon rocket was a daytime (mid-
morning) firing, whereas all the previous rockets were scheduled such
that darkness was present at ground level but sunlight still remained
at barium release altitudes. Consequently, for the evening rockets,

a very large portion of the ionosphere traversed by the beacon rockets
was in darkness.

VI. SUMMARY

During the SECEDE II project five of the RF beacon rockets
yielded excellent dispersive phase data at four widely separated
receiving stations, and a sixth beacon rocket yizlded excellent data
at three of the four receiving stations. The intent was to fly the
beacon rockets behind barium ion clouds relative to at least one
ground receiving station, and the RF -beacon data was to be used as an
aid in performing ion cloud diagnostics. To a large extent, that part
of the mission was most successful. However, as planned, the beacon
rockets were, in general, behind: the ion clouds for short periods. of
time around the time-of beacon rocket apogee. The signals emanating
from the -beacon rocket were monitored: for dispersive phase throughout
the entire rocket flight. As a consequence, a large amount -of data
pertaining to the undisturbed ambient ionosphere was collected and,
for the first time, at several widely spaced receiving stations. This
situation presented a unique opportunity to- derive electron density
profiles from dispersive phase data collected over several widely
spaced propagation ray paths simultaneously.

The six beacon rocket flights reported: here were flown -over a
14-day period - all at the same geographical location. Five of the
rocket flights took place -around the time of evening sunset such that
the lower portion of the ionosphere traversed by the rocket was in
darkness and the upper portions were still in sunlight. The sixth
rocket was flown in mid-morning when all of the ionosphere traversed
by the rocket was in- sunlight.

All :of the available -dispersive phase data were used to produce
electron densities at all -of the receiving—sites,for each beacon

rocket flight. The excellent agreement, in general, between the rocket

ascent profile and the rocket descent profile for each rocket flight
tends to confirm the validity of using the assumption that the
ionosphere was :unchanging with time during the short period--of time
between rocket ascent and rocket descent, even though-most -of the
rockets were flown during the sunset transitional period. Some
indication of the ionosphere changing with- time can be seen in the
two composite profiles for event OLIVE - Figures 28 and 37. The late
beacon rocket was launched some 32 minutes after the early beacon

rocket. ‘However, differences between rocket ascent profiles and rocket
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descent profiles, for a given rocket flight, indicate that any time
variations in ionization levels for the two-to three-minute time
1 interval involved were not significant so that no attempt was made

to define a time rate of change or to make a correction for that time
rate of change.
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There are, in some cases, significant differences between the |
ascent and descent profiles below about 160 km in altitude. These L
! differences undoubtedly arise from the fact that significant Sporadic-E
! activity was present during all of the evening rocket flights. These -
differences are not surprising considering that Sporadic-E activity is
present and that the propagation ray path during rocket descent is far
removed (200 km or more) from the ray path during rocket ascent. We -
also conclude, intuitively, that the effects of the Sporadic-E activity
are magnified, in terms of slectron densities, by the propagation ray ;
path being far removed from a vertical ray path - zenith angle of 45
degrees or larger while the beacon rocket is traversing the E-region.

e

As to the assumption of horizontal stratification, some insight
into the validity of that assumption may be gained by comparing the
vertical electron content derived from the ray path. electron contents
collected over the widely separated propagation ray paths. Such a
3 comparison may be made from Table 5, which gives the vertical electron
content for one rocket flight as derived from data :collected at each:
of the four receiving sites. The individual electron contents, as well
as the average, are listed as a function of beacon rocket altitude.

Lk clu

Table 5

Vertical Electron Content From
Four Widely Separated Receiving Sites

p—
=gt

i , VERTICAL ELECTRON CONTENT (ELECTRONS/SQ. METER COLUMN) '
hiTkmy|  site 1 Site 2 | Site 3 Site 4 AVE, .
WSCENT [ ,
4 1100 | 4.02 x 1014 5.42 x 101%/4.19 x 10!%/5.01 x 10*| 4,660 x 10"
é 150 7 8.74 x 1019 9.04 x 1015[:8.77 x 1015/ 8.91 x 1015| 8.805 x 1015 .
- ' 1200 71 2.82 x 10'9 2.88 x 1016/ 2.84 x 1016 2.86 x 1016| 2.850 x 1016 ;
: l2s0 | 7.96 x 101 8.06 x 1016|7.99 x 10167.98 x 1016| 7,998 x 1016 T
IDESCENTY , ;
1250 | 7.95 x 101§ 7.91 x 10'6[7.97 x 101 7.92 x 1016 7.938 x 1016 N
1200 | 2.82 x 1019 2,75 x 10!6|2.83 x 10!6]2.78 x 1015| 2.795 x 1016
B 1150 | 8.78 x 101§ 8.39 x 10!5/8.79 x 10*5/8.64 x 10'5| 5.650 x 105 s
100 | 3.54 x 1014 2.48 x 10%| 3,60 x 101%{ 3,17 x 101%| 3,198 x 10!* f )
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As may be seen from the table, the agreement among the four in-

‘dividual site determinations of vertical electron content is excellent.

It should also be noted that the vertical electron content derived
from rocket ascent data at a given altitude is in excellent agreement
with that derived from rocket descent data at the same altitude. From
these observations one may infer that not only is the assumption of
horizontal -stratification valid but also that there is no time varia-

‘tion of consequence between the time of rocket ascent and rocket descent.

At first glance it may appear obvious that there is a definite trend
tuwvard decreasing ionization below 100 km from a comparison of the
ascent and descent data at the altitude. However, a comparison of the
ascent and -descent data for 150 km shows an increase in content at two
sites and a decrease at the other two sites. Furthermore, the average

difference between the ascent and descent 150-km data is larger than

the average difference between the ascent and descent 100-km data,
contradicting any conclusion that ionization is decreasing with time
at the lower aititudes.

The results of this analysis have been most rewarding in that the
validity -of two simplifying assumptions has been greatly strengthened.
In addition, it is now apparent that . single receiving station for the

RF transmissio't experiment may confidently be used, without imposing

many restrictions on- its location relative to the rocket launch complex,
for the determination of reliable ambient ionospheric parameters;
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Site 1 -electron density profile for Event PLUM early beacon.
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Figure 20. Site 4 electron density profile for Event REDWOOD early beacon.
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